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Professor Harrison read a paper on the Anatomy of the 
" Lachrymal Apparatus" in the Elephant. 

" In no part of the animal economy has more curious and 
interesting diversity been displayed than in the structure and 
arrangement of the several ' tutamina oculi,' which constitute 
the lachrymal and palpebral apparatus. In aquatic beings 
the surrounding element renders these appendages in general 
unnecessary, and therefore, among them they are almost 
universally dispensed with, although we occasionally meet 
with some part of them in a rudimentary form ; thus among 
the Cephalopodous Mollusca, the Octopus has the voluntary 
power of drawing the skin over the front of the eye, and in 
other species it is continued over this organ. Among the 
Gasteropods, the well-known tentacles in the limax admit of 
the eyes being retracted within the cutaneous tube, like the 
inversion of the finger of a glove, and are thus protected from 
external injury. 

" In Fish the lachrymal apparatus is wholly absent, and the 
palpebral most generally so ; but in some the skin passes over 
the forepart of the eye, without forming any fold ; in others, 
there are slight duplicatures, more like eye-brows than true 
palpebrse ; many of the osseous fishes have a small vertical 
fold at each canthus which can form a partial covering, and 
in the Tetraodon Mola the eye can be completely covered by 
an eye-lid which has a circular aperture capable of being 
closed by a sphincter muscle, and opened by five radiating 
muscles attached to the bottom of the orbit. ( Cuvier's Anat. 
Comp., torn. ii. p. 434.) 

" In the Reptilia both the lachrymal apparatus and the 
palpebrse are present, but very differently modified in the dif- 
ferent classes. In Birds the whole arrangement is most com- 
plete, there being three palpebrse, a lachrymal apparatus, and 
the gland of Harder. 

«« In Mammalia there is great diversity in respect to these 
organs. In Man and Quadrumana the palpebrse are very per- 
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feet, also the secreting and excreting lachrymal apparatus, 
but there is no third eye-lid, although the fold of conjunctiva 
at the inner canthus, " plica semilunaris," is rudimental of 
it, and there is no Harderian gland. In quadrupeds the 
third lid is superadded ; generally contains a cartilage, consis- 
tent and elastic; connected with this lid is the Harderian 
gland. 

" I shall confine my observations, on the present occasion, 
to the condition of these organs in the elephant. This animal, 
it is well known, is furnished with a highly developed middle 
eye-lid, or " membrana nictitans," the anatomy of which, 
however, I do not find has been correctly or fully described 
by authors. 

" Camper's account of it is (torn. ii. p. 137) : ' The third 
eye-lid, very thick and fleshy, moves obliquely towards the 
external angle of the eye, as in Ruminants; the motion is 
directed by two muscles, not found in any other quadruped. 
The first, which serves to draw the membrane over the eye, 
is attached obliquely to the inferior edge of the orbit, at a 
considerable distance from the outer angle. The second 
muscle, which may be regarded as the antagonist to the for- 
mer, retracts this organ towards the inner angle.' 

" In the Encyclopedic Methodique, by Vicq d'Azyr and 
H. Cloquet (torn. iii. p. 187): 'The third eye-lid presents 
two strong muscles : the elevator penetrates deeply into the 
orbit, beneath the inferior oblique muscle, to be attached 
near the optic hole ; the other muscle, destined to retract this 
membrane, fixes the anterior angle of the corresponding fibro- 
cartilage to the internal part of the circumference of the 
orbit.' 

" In Todd's Cyclopedia of Anatomy, (Art. ' Pacchyder- 
mata,' p. 876, by R. Jones), the author observes : « The 
third eye-lid is very largely developed in the elephant, and 
can be drawn over the eye-ball to a considerable distance to- 
wards the outer angle of the eye. It is provided with two 
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especial muscles, which do not exist in other quadrupeds. 
One of these seems to draw the nictitating membrane over 
the eye-ball, and arises from the lower margin of the orbit, 
towards the outer canthus, while the other, which is the an- 
tagonist, draws it back again towards the inner angle ;' and 
again, ' the fibres of the nictitator muscle pass in a regular 
curve over the base of the membrane, but afterwards deviate 
from the curve, and form an angle to include the extremity 
of the nictitating cartilage, which consequently moves in the 
diagonal of the contracting forces, so as to be drawn outwards 
over the front of the eye-ball.' The following statement 
will, I think, be found a more correct description of the ap- 
paratus, the dissection of which I shall now exhibit and 
demonstrate to this meeting. 

" The nictitating membrane itself is a large semilunar 
fold of the conjunctiva, not at all fleshy, but containing a 
true cartilage, moulded in a peculiar form; one portion is 
broad and leaf-like, and very elastic, and extends forward and 
outward into this conjunctival fold, while the other portion, 
the stem or pedicle of the cartilage, is thick and round, above 
an inch in length, and passes inwards and backwards along 
the inner wall of the orbit ; to its extremity is attached a 
strong elastic tissue, which extends backwards into the orbit, 
and is continuous with that which surrounds the muscles and 
the optic nerve. From the surface of the stem, a little ex- 
ternal to its extremity, arise two very powerful muscles, 
which curve outwards to the margins of the orbit ; these are 
the two proper nictitating muscles. The superior extends 
from the pedicle of the cartilage, upwards and outwards, and 
is inserted into the fibrous tissue along the upper margin of 
the orbit, internal to its centre. The inferior passes obliquely 
outwards and downwards, and is inserted into the lower mar- 
gin of the orbit, near its centre ; both these muscles are in 
close connexion with the fibres of the orbicularis palpebrarum, 
which latter is very powerful, especially its inferior palpebral 
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portion, and which portion is chiefly employed in winking. 
The action of these nictitating muscles is very obvious ; if the 
orbicularis contract, they may act at the same time, and so 
the front of the eye will be completely covered ; or if they 
act independently of it, as no doubt they do, it is plain that 
the two muscles will draw the middle eye-lid directly out- 
wards, that is, in the diagonal of the two lines which they 
respectively take, and if, at the same moment, the eye be 
slightly adducted, the greater portion of the forepart of the 
globe will be swept over by the membrane ; it is also obvious 
that if these muscles act singly or alternately, the nictitating 
membrane will be moved obliquely, and in varied directions, 
according as the condition of the cornea may require. When 
the nictitating muscles cease to act, the strong elastic tissue 
attached to the end of the pedicle will immediately retract 
the eye-lid, by drawing the cartilage inwards and backwards. 
The mechanism, therefore, of this apparatus, consists of 
two muscles and an elastic ligament, the antagonist to both. 
There would be no use in a retractor muscle, as has been 
erroneously described, nor is there, indeed, sufficient space for 
such a muscle to contract and shorten itself to the requisite 
degree. I do not find in any animal with a membrana nic- 
titans that there is a retractor muscle, and this fact led me 
to doubt the accuracy of the descriptions in the different 
works already alluded to : elasticity is not only sufficient, but 
is actually superior for this purpose, inasmuch as it is a force 
in constant operation, thereby retaining the lid in its retracted 
position, except at the moment when the nictitating muscles 
are in action, and when this fold forms a transient covering 
to the cornea, almost as perfect as the membrana nictitans 
in the bird. In the latter, however, a different, though a 
beautiful, mechanical arrangement has been adopted ; the 
membrane, which is to serve as an occasional screen to the 
eye, as well as a rapid nictitating membrane, is delicate and 
semitransparent, and therefore devoid of cartilage ; it is moved 
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by two muscles, the quadratus, which forms a loop or pulley, 
through which the long tendon Of the pyramidal passes in its 
course to the membrane; by the joint action of these two 
muscles this curtain is drawn with great velocity over the 
cornea, while its elasticity again restores or retracts it to 
the inner canthus, the moment the muscles and the tendon 
are relaxed. In the elephant the same agencies, namely, 
two muscles and an opposing elastic force, are employed, 
though somewhat differently modified. 

" I may here briefly advert to the middle eye-lid of the 
horse, one of the Pacchydermata : it consists of a true carti- 
lage enclosed in a conjunctival fold, as in the elephant ; it is, 
however, thinner and weaker, the pedicle is flat and thin, and 
imbedded in fat ; this latter substance is collected into a large 
oval mass, surrounded by a fine but distinct capsule, which is 
connected to the adipose and cellular tissue in the orbit, and 
which possesses some elasticity : an expansion from the su- 
perior and internal recti muscles is also attached to it. The 
eye in this animal is furnished with a powerful ' retrahens or 
suspensorius muscle,' which extends from the optic foramen 
around the optic nerve, and is inserted into the sclerotic coat. 
When this muscle retracts the eye, the ball of fat slips for- 
ward, and the cartilage and conjunctival fold shoot forward 
and outward ; the eye at the same time is adducted by the 
internal rectus, which also presses forward the fat ball and 
the nictitating cartilage, and thus a great portion of the cor- 
nea becomes covered or swept over by the third eye-lid, but 
never to the same extent as in the elephant, where there are 
the two proper nictitator muscles. In the latter, also, there 
is no retrahens muscle, but the long and slender optic nerve 
is surrounded only by cellulo-elastic tissue, which extends 
from the apex of the orbit to a considerable bulbous swelling 
around the entrance of the nerve into the eye ; this bulb ap- 
pears composed of fibrous, cellular, and venous tissues. The 
absence of this retrahens muscle in the elephant entails the 



163 

necessity of a totally different mechanical arrangement for the 
third eye-lid, from that which exists in such a simple form in 
the horse. 

" In the elephant the gland of Harder is very large, of 
an oval, flattened form, placed at the inner and anterior part 
of the orbit, and quite distinct from the surrounding adipose 
and cellular tissue ; its duct, about an inch and a half long, 
runs parallel to the pedicle of the cartilage, and opens behind 
the root of the nictitating membrane by a distinct foramen, large 
enough to admit a common probe. The caruncula lachry- 
malis is also large, a proof that this body is not to be re- 
garded in other animals as the analogue of Harder's gland, 
but rather as a part of the system of Meibomian or ciliary 
follicles. The true lachrymal apparatus is absent in the 
elephant ; a few red granules or mucous glands beneath the 
conjunctiva in the superior external palpebral sinus alone in- 
dicate its usual site ; there are no lachrymal puncta, ducts, 
or sac. The highly developed middle eye-lid, with the Har- 
derian gland, supply the place of this apparatus. In the 
horse the lachrymal gland is present, also the puncta, ducts, 
and sac, but the Harderian gland is rather a follicular series 
entangled in the fat ball, and opening by several fine ducts on 
the ocular surface of the nictitating cartilage. In the bird 
the Harderian gland is very large and distinct, as also the 
lachrymal, and there is a slit-like passage for the secretions 
to flow into the nose. 

" It is unnecessary here to allude to the temporal glands, 
which are peculiar to the elephant, as they have no connex- 
ion whatever with the palpebral apparatus; their secretion 
is probably odoriferous, and, like that of the larmiers or infra- 
orbital sacs in the antelope species, has some connexion with 
the sexual functions. 

" There is one peculiar feature in the anatomy of the 
orbit of the elephant, which I think worthy of demonstrating 
on the present occasion, though unconnected with the lachry- 
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mal organs or with the palpebral. It is of course well known 
that the outer or temporal border of the orbit is deficient of 
bone, as also a great portion of the temporal wall, and that 
this is the case also in the rhinoceros and other true pacchy- 
dermata, also in most of the carnassiers and the rodentia, but 
not in the horse or in the ruminantia. In the elephant this 
osseous deficiency in fully two-thirds of the circumference is 
made up by a strong ligament and a fibrous mass, a sort of 
firm boss separating the orbit from the temporal fossa ; this 
boss admits of a slight degree of yielding or of motion back- 
wards and outwards. On dissecting the muscles of the orbit, 
I find, in addition to the levator palpebrae, the recti and ob- 
liqui, a strong muscle external and parallel to the external 
rectus or abductor oculi ; this peculiar muscle arises along 
with the recti, proceeds forwards and outwards between the 
external rectus and the temporal fossa, receives a nerve from 
the sixth pair, and is inserted into this fibrous pad or boss at 
the outer canthus of the orbit. The action of this mus- 
cle must be to depress or retract somewhat this prominence, 
and thus may assist in extending the sphere of vision in 
the lateral or postero-lateral direction, so as to enable the 
animal to see along his flank for some extent, without turning 
round his head or neck. This provision may be the more 
necessary to this creature, as a compensation for the restricted 
motions of his massive head and of his short neck. Like the 
cetaceous mammalia, the cervical vertebrae of the elephant 
are crowded together into a short space, and the enormous 
head appears set almost upon the chest ; he cannot, therefore, 
perform those rapid rotatory motions of the cranium and of 
the spine to the same extent, and with that ease and velocity 
which we see in other animals, and which are so essential to 
the exercise of vision in different directions. In this point 
of view the elephant and the bird present a striking contrast ; 
in the latter the eye-ball moves but little, and has but little 
expression, but the cranium, articulated by a single ball and 
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socket joint to the extremity of a long and flexible cervical spine, 
can rotate freely, and the animal can look around, and even 
see an object behind it, without changing the position of its 
body. Whoever has carefully observed the living elephant 
must have been struck with the peculiar expression of his 
small but clear and brilliant eye, moving freely in every di- 
rection ; he glances at the spectator with a sort of suspicious 
scowl, views him steadily, observes and follows his motions 
merely by the rolling of his eye-ball, without any change in 
the position of his head or of his body." 

EXPLANATION OF PLATE. 

Figure I. — View of the posterior or ocular surface of the 
eye-lids and memb. nic titans. 1. Upper eye-lid ; 2. Levator 
muscle of ditto; 3. Palpebral fissure ; 4. Membrana nictitans, 
or third eye-lid ; 5. Lower eye-lid ; 6. Harder's gland ; 7. Duct 
of ditto, opening on the ocular surface of the memb. nict. ; 
8. Nictitating cartilage; 9 and 10. Upper and lower nicti- 
tator muscles ; 11. Orbicularis palpebrarum. 

Figure 1 1. — Nictitating membrane, cartilage, and muscles, 
removed. 1 . Cartilage, its long pedicle ; 2, 3. Superior and 
inferior nictitator muscles ; 4. Elastic tissue attached to pe- 
dicle of cartilage ; 5. Membrana nictitans, enclosing the thin 
expansion of the cartilage ; 6. Opening of Harder's duct. 

Figure III. — Globe of the eye and muscles of the orbit. 
1. Levator palpebral sup. ; 2. Sup. rectus ; 3. Sup. oblique ; 
4. Inter rectus ; 5. Infer, rectus ; 6. Optic nerve, long and 
slender; 7. Infer, oblique ; 8. Exter. rectus; 9. Second exter. 
rectus, or retrahens orbitse anguli extend, inserted into 10. 
Fibrous mass at the outer canthus of the orbit ; 11. Globe of 
the eye; 12. Bulb surrounding the entrance of the optic 
nerve. 



Sir Robert Kane presented, on behalf of the Hon. Skef- 
fington Daly, a cinerary urn found near Athenry. 



